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7RQP�EQORNGVKQP�QH�VJKU�EJCRVGT��[QW�UJQWNF�DG�CDNG�VQ�

�� &GUETKDG�VJG�RTG�VGUV�FGVGTOKPCVKQPU�UGV�HQTVJ�KP�VJG�'21	U�HQT�ITCXKV[�FKUEJCTIG�CPF�RQYGT�QRGTCVGF
XGJKENG�VCPM�OGVGTU�

�� 7PFGTUVCPF�VJG�RWTRQUG�QH�GCEJ�QH�VJG�UGRCTCVG�VGUVU�RTGUETKDGF�KP�VJG�'21	U�CPF�VJG�UKIPKHKECPEG�QH
VJG�TGUWNVU�QDVCKPGF�

�� &GUETKDG� RTQEGFWTGU� HQT� EQPFWEVKPI� RGTHQTOCPEG� VGUVU� QH� ITCXKV[�FKUEJCTIG� CPF� RQYGT�QRGTCVGF
XGJKENG�VCPM�OGVGTU�

+0641&7%6+10

#�OGCUWTKPI�FGXKEG�VJCV�EQPHQTOU�YKVJ�CNN�QH�VJG�URGEKHKE�TGSWKTGOGPVU�TGNCVKPI�VQ�FGUKIP��KPUVCNNCVKQP�
OCKPVGPCPEG��CPF�WUG�UGV�HQTVJ�KP�*CPFDQQM����OC[�UVKNN�PQV�DG�ECRCDNG�QH�VJG�JKIJ�FGITGG�QH�CEEWTCE[�CPF
EQPUKUVGPE[�QH�OGCUWTGOGPV�FGOCPFGF�HQT�EQOOGTEKCN�UGTXKEG���6JQTQWIJ�KPURGEVKQP�OC[�IKXG�[QW�UQOG
KPFKECVKQP�QH�VJG�EQPFKVKQP�QH�VJG�XGJKENG�VCPM�OGVGTKPI�U[UVGO�[QW�CTG�GZCOKPKPI��DWV�VJKU�KORTGUUKQP�YKNN
DG�DCUGF�WRQP�GXKFGPEG�VJCV�KU�NKOKVGF�D[�VJG�HCEV�VJCV�VJG�U[UVGO�KU�PQV�KP�KVU�QRGTCVKPI�UVCVG��CPF�UQ�KV�OC[
GXGP�DG�OKUNGCFKPI���(QT�GZCORNG��C�OGVGTKPI�U[UVGO�VJCV�KU�ENGCP�CPF��VQ�CNN�QWVYCTF�CRRGCTCPEGU��YGNN
OCKPVCKPGF��OC[�DG�DCFN[�YQTP�QT�KP�PGGF�QH�ECNKDTCVKQP���6JG�QPN[�YC[�VQ�FGVGTOKPG�HQT�EGTVCKP�JQY�VJG
U[UVGO�KU�NKMGN[�VQ�RGTHQTO�KU�VQ�VGUV�KV�WPFGT�EQPFKVKQPU�VJCV�CRRTQZKOCVG�CU�ENQUGN[�CU�RQUUKDNG�CEVWCN
UGTXKEG�EQPFKVKQPU���6JKU�KU�VJG�RWTRQUG�QH�VJG�6GUV�RQTVKQP�QH�CP�QHHKEKCN�GZCOKPCVKQP�

+P�HCEV��VJG�6GUV�KU�EQORTKUGF�QH�UGXGTCN�UGRCTCVG�VGUVU��GCEJ�QH�YJKEJ�JCU�C�URGEKHKE�VGUVKPI�QDLGEVKXG�
5QOG�QH�VJGUG�VGUVU�CTG�KPVGPFGF�VQ�FGVGTOKPG�VJG�CEEWTCE[�QH�VJG�U[UVGO�QXGT�VJG�TCPIG�QH�QRGTCVKPI
EQPFKVKQPU�HQT�YJKEJ�KV�YCU�FGUKIPGF�
CPF��RTGUWOCDN[��KU�WUGF����1VJGTU�CTG�KPVGPFGF�VQ�VGUV�URGEKHKE
GNGOGPVU�QH�VJG�U[UVGO��NKMG�VJG�CKT�GNKOKPCVQT�QT�VJG�CPVKFTCKP�XCNXG�CPF�QVJGTU�CTG�FGUKIPGF�VQ�XGTKH[�VJCV
VJG�U[UVGO�KU�DGKPI�RTQRGTN[�OCKPVCKPGF���;QW�UJQWNF�WPFGTUVCPF�PQV�QPN[�JQY�VQ�RGTHQTO�GCEJ�QH�VJGUG
VGUVU��DWV�CNUQ�VJG�TGCUQPU�HQT�RGTHQTOKPI�VJGO��CPF�JQY�VQ�OCMG�WUG�QH�VJG�TGUWNVU�[QW�QDVCKP�

(QT�GZCORNG��[QW�YKNN�NGCTP�KP�VJKU�EJCRVGT�VJCV�VJG�'21 U�ECNN�HQT�VGUVU�QH�VJG�U[UVGO�CV�FKHHGTGPV�FKUEJCTIG
TCVGU���.GV�WU�EQPUKFGT�VJG�TGCUQPU�HQT�VJKU�TGSWKTGOGPV���(KIWTG�����UJQYU�C�V[RKECN��CEEWTCE[�EWTXG��HQT
C�XGJKENG�VCPM�OGVGT���6JG�ITCRJ�TGRTGUGPVU�VJG�RGTHQTOCPEG�QH�VJG�U[UVGO�QXGT�VJG�TCPIG�QH�HNQY�TCVGU�HQT
YJKEJ�KV�YCU�FGUKIPGF���*QYGXGT��VJG�YQTF��RGTHQTOCPEG��OWUV�DG�SWCNKHKGF�JGTG���/GVGT�OCPWHCEVWTGTU
RWDNKUJ�CEEWTCE[�EWTXGU�NKMG�VJKU�QPG�VQ�CFXGTVKUG�VJGKT�GSWKROGPV��DGECWUG�VJG[�KNNWUVTCVG�ITCRJKECNN[�VJG
JKIJ� FGITGG� QH� CEEWTCE[� QH�YJKEJ�OQUV� RQUKVKXG�FKURNCEGOGPV�OGVGTU� CTG� ECRCDNG�� �#EEWTCE[� EWTXGU
RTQFWEGF�D[�OCPWHCEVWTGTU�CTG�IGPGTCNN[�VJG�TGUWNV�QH�VGUVU�EQPFWEVGF�QP�PGY�GSWKROGPV�KP�C�NCDQTCVQT[
QT�WPFGT�XGT[�EQPVTQNNGF�EQPFKVKQPU���6JG[�VJGTGHQTG�ECP�PQV�DG�EQPUKFGTGF�VQ�RTQXKFG�CP[VJKPI�OQTG�VJCP
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(KIWTG������#EEWTCE[�%WTXG�+

C�XGT[�IGPGTCN�KPFKECVKQP�QH�JQY�VJG�GSWKROGPV�YKNN�CEVWCNN[�RGTHQTO�YJGP�KPUVCNNGF�CPF�QRGTCVGF�KP�VJG
HKGNF�
VJG[�CTG�KP�VJKU�YC[�XGT[�OWEJ�NKMG�VJG�OKNGCIG�GUVKOCVGU�RWDNKEK\GF�D[�CWVQOQDKNG�OCPWHCEVWTGTU�
WUGHWN�HQT�EQORCTCVKXG�RWTRQUGU�QPN[��

6JKU� ITCRJ� FQGU�� JQYGXGT�� KNNWUVTCVG� UGXGTCN� KORQTVCPV� IGPGTCN� EJCTCEVGTKUVKEU� QH�OGVGT� RGTHQTOCPEG�
0QVKEG�VJCV�CV�XGT[�NQY�FKUEJCTIG�TCVGU����WR�VQ�CDQWV����RGTEGPV�QH�VJG�TGEQOOGPFGF�OCZKOWO�TCVG����VJKU
V[RKECN�U[UVGO�VGPFU�VQ��IKXG��UNKIJVN[�OQTG�VJCP�CV�KVU�OCZKOWO�FKUEJCTIG�TCVG���6JCV�KU��KV�VGPFU�VQ�FGNKXGT
UNKIJVN[�OQTG�RTQFWEV�RGT�KPFKECVGF�ICNNQP���#V�FKUEJCTIG�TCVGU�DGVYGGP����RGTEGPV�CPF�CDQWV����RGTEGPV
QH�VJG�TCVGF�OCZKOWO��VJG�U[UVGO�VGPFU�VQ��VCMG��UNKIJVN[����FGNKXGT�UNKIJVN[�NGUU�RTQFWEV�RGT�KPFKECVGF
ICNNQP����VJCP�CV�KVU�OCZKOWO�TCVG�

9G� WUG� VJG� VGTOU� �IKXG�� CPF� �VCMG�� VQ� FGUETKDG� VJGUG� HNWEVWCVKQPU� TCVJGT� VJCP� �WPFGTTGIKUVGT�� CPF
�QXGTTGIKUVGT�� DGECWUG� TGIKUVTCVKQP� KU� C� HWPEVKQP� QH� VJG� U[UVGO	U� ECNKDTCVKQP� CPF� PQV� PGEGUUCTKN[� KVU
RGTHQTOCPEG�� �2QYGT�QRGTCVGF�XGJKENG�VCPM�OGVGTKPI�U[UVGOU�CTG�QRGTCVGF�CV�QT�PGCT� VJGKT�OCZKOWO
FKUEJCTIG�TCVGU�OQUV�QH�VJG�VKOG��CPF�ITCXKV[�FKUEJCTIG�U[UVGOU�IGPGTCNN[�FGNKXGT�CV�TCVGU�CDQXG����RGTEGPV
QH�VJGKT�TCVGF�OCZKOWO��GXGP�CV�NQY�JGCF���5Q�OQUV�U[UVGOU�CTG�ECNKDTCVGF�VQ�KPFKECVG�CU�CEEWTCVGN[�CU
RQUUKDNG�CV�VJGKT�OCZKOWO�FKUEJCTIG�TCVGU���*QYGXGT��C�U[UVGO�EQWNF�DG�CFLWUVGF�
QT�OKUCFLWUVGF��VQ
RGTHQTO�CU�FGUETKDGF�D[�VJG�EWTXG�UJQYP�KP�(KIWTG������WPFGTTGIKUVGTKPI�CV�CNN�FKUEJCTIG�TCVGU��VJQWIJ�NGCUV
DGVYGGP�CDQWV����RGTEGPV�CPF�CDQWV����RGTEGPV�QH�KVU�OCZKOWO�TCVG���0QVKEG�VJCV�VJG�UJCRG�QH�VJG�EWTXG
JCU�PQV�EJCPIGF��PQT�JCXG�VJG�TGNCVKXG�RGTHQTOCPEG�EJCTCEVGTKUVKEU�FGUETKDGF�D[�VJG�VGTOU��IKXG��CPF
�VCMG����VJG�U[UVGO�UVKNN�IKXGU�UNKIJVN[�OQTG�CV�XGT[�NQY�FKUEJCTIG�TCVGU�CPF�VCMGU�UNKIJVN[�OQTG�CV�OQFGTCVG
TCVGU�VJCP�CV�KVU�OCZKOWO�FKUEJCTIG�TCVG�
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(KIWTG������#EEWTCE[�%WTXG�++

;QW�ECP�UGG�HTQO�VJKU�FKUEWUUKQP�QPG�TGCUQP�YJ[�KV�KU�PGEGUUCT[�VQ�VGUV�C�OGVGTKPI�U[UVGO�CV�FKHHGTGPV
FGNKXGT[�TCVGU���GXGP�C�U[UVGO�VJCV�KU�RTQRGTN[�KPUVCNNGF��OCKPVCKPGF��CPF�QRGTCVGF�ECP�DG�GZRGEVGF�VQ
RGTHQTO�FKHHGTGPVN[�CV�FKHHGTGPV�FKUEJCTIG�TCVGU���(WTVJGTOQTG��CU�VJG�GZCORNG�KP�(KIWTG�����UJQYU��C
U[UVGO�VJCV�RGTHQTOU�TGCUQPCDN[�CEEWTCVGN[�CV�QPG�TCVG�OC[�DG�KPCEEWTCVG�YJGP�QRGTCVGF�CV�QVJGT�TCVGU�

6JG�HNWEVWCVKQPU�KP�RGTHQTOCPEG�QXGT�VJG�TCPIG�QH�C�U[UVGO	U�FKUEJCTIG�TCVGU�TGUWNV�HTQO�UGXGTCN�HCEVQTU�
DWV�VJG�OQUV�KORQTVCPV�QH�VJGUG�KU�XCTKCVKQP�KP�VJG�TCVG�QH�UNKRRCIG���/KPWVG�SWCPVKVKGU�QH�RTQFWEV�UNKR
EQPVKPWQWUN[�VJTQWIJ�VJG�UOCNN�ENGCTCPEGU�DGVYGGP�VJG�UGIOGPVKPI�GNGOGPVU�QH�VJG�OGVGT�CPF�VJG�RQNKUJGF
YCNNU�QH�VJG�OGVGT�EJCODGT�YJGPGXGT�VJG�U[UVGO�KU�QRGTCVKPI���6JG�TCVG�QH�VJKU�UNKRRCIG�KU��KP�NCTIG�RCTV�
C�HWPEVKQP�QH�VJG�HTKEVKQP�RTQFWEGF�DGVYGGP�VJG�OQNGEWNGU�QH�VJG�HNQYKPI�NKSWKF�CPF�VJQUG�QH�VJG�OGVCN
UWTHCEGU�YKVJ�YJKEJ�VJG[�EQOG�KP�EQPVCEV���6JG�COQWPV�QH�VJKU�HTKEVKQP�KU�FKHHGTGPV�CV�FKHHGTGPV�HNQY�TCVGU�
6JG�COQWPV�QH�UNKRRCIG�CPF�OGEJCPKECN�HTKEVKQP�KP�VJG�OGVGT�CNUQ�FGRGPFU�WRQP�VJG�EJCTCEVGTKUVKEU�QH�VJG
RTQFWEV� DGKPI�OGCUWTGF�� �%QPUGSWGPVN[��OGVGTU�OWUV�DG� VGUVGF� CPF�CFLWUVGF�WUKPI� VJG�RTQFWEV� VQ�DG
OGVGTGF�QT�C�NKSWKF�JCXKPI�UKOKNCT�EJCTCEVGTKUVKEU�

6JG�J[FTQF[PCOKE�CPF�OGEJCPKECN�RTKPEKRNGU�VJCV�WPFGTNKG�VJGUG�HNQY�EJCTCEVGTKUVKEU�CTG�EQORNGZ��CPF�PGGF
PQV�EQPEGTP�WU�JGTG���*QYGXGT��MGGR�KP�OKPF�VJCV�UNKRRCIG�KU�VJG�RTKOCT[�HCEVQT�KP�VJG�HNWEVWCVKQPU�KP�OGVGT
RGTHQTOCPEG�YG� JCXG� FKUEWUUGF�� DGECWUG� VJKU� CNUQ� TGNCVGU� VQ� VJG� UGEQPF� TGCUQP� HQT� VGUVKPI�OGVGTU� CV
FKHHGTGPV�FKUEJCTIG�TCVGU����VQ�FGVGTOKPG�VJG�EQPFKVKQP�QH�VJG�OGVGT�

6JG�RGTHQTOCPEG�EWTXG�UJQYP�KP�(KIWTG�����KU�V[RKECN�QH�C�TGNCVKXGN[�PGY�OGVGT���#U�C�OGVGT�YGCTU��KVU
ENGCTCPEGU�ITCFWCNN[�YKFGP��YKVJ�VJG�TGUWNV�VJCV�VJG�TCVG�QH�UNKRRCIG�KPETGCUGU�CPF�VJG�UJCRG�QH�VJG�EWTXG
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KVUGNH�KU�GXGPVWCNN[�CNVGTGF���#�DCFN[�YQTP�OGVGT�YKNN�VGPF�VQ�IKXG�OQTG�PQV�QPN[�CV�XGT[�NQY�FKUEJCTIG
TCVGU��DWV�CNUQ�CV�OQFGTCVG�TCVGU��VJCP�CV�KVU�OCZKOWO�TCVG���6JWU��VJG�CEVWCN�RGTHQTOCPEG�QH�C�OGVGT�VGUVGF
CV�FKHHGTGPV�FKUEJCTIG�TCVGU�ECP�IKXG�CP�KPFKECVKQP�QH�KVU�EQPFKVKQP�CPF�ECP�VJGTGD[�RTQXKFG�KPHQTOCVKQP�VJCV
KU�WUGHWN�VQ�VJG�QRGTCVQT�CPF�TGRCKTRGTUQPU�KP�FGVGTOKPKPI�YJCV�EQTTGEVKXG�CEVKQP�KU�PGGFGF�VQ�TGUVQTG�VJG
U[UVGO�VQ�CP�CEEWTCVG�EQPFKVKQP���#�OGVGT�VJCV�KU�PQV�DCFN[�YQTP�OC[�UKORN[�TGSWKTG�TGCFLWUVOGPV��YJKEJ
YKNN�JCXG�VJG�IGPGTCN�GHHGEV�QH�TCKUKPI�QT�NQYGTKPI�VJG�GPVKTG�RGTHQTOCPEG�EWTXG���1P�VJG�QVJGT�JCPF��C
DCFN[�YQTP�OGVGT�YKNN�RTQDCDN[�PGGF�TGEQPFKVKQPKPI��VJG�GHHGEV�QH�YJKEJ�YKNN�DG�IGPGTCNN[�VQ�TGUVQTG�VJG
EJCTCEVGTKUVKE�RGTHQTOCPEG�QH�VJG�OGVGT�VQ�C�EQPFKVKQP�UKOKNCT�VQ�VJCV�YJGP�KV�YCU�PGY���9G�YKNN�VCMG�C
ENQUGT�NQQM�CV�VJG�KPVGTRTGVCVKQP�QH�TGUWNVU�HTQO�RGTHQTOCPEG�VGUVU�CV�FKHHGTGPV�FKUEJCTIG�TCVGU�NCVGT�KP�VJKU
EJCRVGT�

#U� [QW� JCXG� NGCTPGF�� VJG� CEEWTCE[� QH� C� XGJKENG�VCPM� OGVGTKPI� U[UVGO� FGRGPFU� WRQP� C� PWODGT� QH
EQORQPGPVU�YJQUG�HWPEVKQPU�CTG�KPVGTFGRGPFGPV���(QT�GZCORNG��HCKNWTG�QH�VJG�CKT�GNKOKPCVQT�VQ�TGOQXG�CKT
CPF�XCRQT�HTQO�VJG�RTQFWEV�DGHQTG�KV�GPVGTU�VJG�OGVGT�YKNN�TGUWNV�KP�UQOG�FGITGG�QH�QXGTTGIKUVTCVKQP��UKPEG
ICUGU�YKNN�DG�OGVGTGF�CNQPI�YKVJ�VJG�NKSWKF�RTQFWEV���$WV�WPFGT��PQTOCN��QRGTCVKPI�EQPFKVKQPU�OCNHWPEVKQP
QH�VJG�CKT�GNKOKPCVQT�OC[�DG�FKHHKEWNV�VQ�KFGPVKH[�CPF�KUQNCVG�HTQO�QVJGT�HCEVQTU��QT�KV�OC[�DG�QHHUGV�D[�UQOG
QVJGT� HCEVQT� VJCV� VGPFU� VQYCTFU�WPFGTTGIKUVTCVKQP�� UWEJ�CU� KORTQRGT�ECNKDTCVKQP�� �*QYGXGT��WPFGT� VJG
FGOCPFU�VJCV�CTKUG�YJGP�VJG�VCPM�QT�VCPM�EQORCTVOGPV�KU�GORVKGF�FWTKPI�VJG�EQWTUG�QH�C�FGNKXGT[��VJG
HCKNWTG�QH�VJG�CKT�GNKOKPCVQT�KU�NKMGN[�VQ�JCXG�C�OWEJ�OQTG�RTQPQWPEGF�GHHGEV�QP�RGTHQTOCPEG���#�UGRCTCVG
VGUV�QH� VJG�U[UVGO�WPFGT�VJGUG�URGEKCN�EQPFKVKQPU�KU� VJWU�PGGFGF�VQ�FGVGTOKPG�YJGVJGT� KV� KU�ECRCDNG�QH
RGTHQTOKPI�CEEWTCVGN[�CPF�CNUQ�VQ�KFGPVKH[�
QT�RTGENWFG��VJG�CKT�GNKOKPCVQT�CU�VJG�UQWTEG�QH�QXGTCNN�U[UVGO
KPCEEWTCE[�

&KHHGTGPEGU�KP�QRGTCVKPI�EJCTCEVGTKUVKEU�DGVYGGP�ITCXKV[�FKUEJCTIG�CPF�RQYGT�QRGTCVGF�U[UVGOU�PGEGUUKVCVG
UQOG�FKHHGTGPEGU�KP�VGUV�RTQEGFWTGU���6JGUG�YKNN�DG�FGUETKDGF�KP�FGVCKN�DGNQY���*QYGXGT��VJG�DCUKE�GNGOGPVU
QH�VJG�6GUV�CTG�VJG�UCOG�HQT�DQVJ�V[RGU�QH�U[UVGO���

! 6GUVU� QH� U[UVGO� RGTHQTOCPEG� CETQUU� VJG� TCPIG� QH� HNQY� TCVGU� TGEQOOGPFGF� D[� VJG
OCPWHCEVWTGT�

! #�VGUV�QH�VJG�CKT�GNKOKPCVQT��KPXQNXKPI�C�FGNKXGT[�VJCV�GZJCWUVU�VJG�UWRRN[�QH�RTQFWEV�KP�VJG
VCPM�QT�VCPM�EQORCTVOGPV�

! #�VGUV�QH�VJG�CWVQOCVKE�UVQR�
RTGUGV��OGEJCPKUO��KH�VJG�U[UVGO�KU�GSWKRRGF�YKVJ�QPG�

! (QT�GNGEVTQPKE�U[UVGOU��C�VGUV�HQT�UWUEGRVKDKNKV[�VQ�TCFKQ�HTGSWGPE[�CPF�GNGEVTQOCIPGVKE
KPVGTHGTGPEG�
4(+�'/+��

! 6GUVU�QH�KPFKECVKPI�CPF�TGEQTFKPI�GNGOGPVU�HQT�EQORCTCDKNKV[�QH�KPFKECVKQPU�CPF��KP�VJG�ECUG
QH�EQORWVKPI�TGIKUVGTU��EQTTGEV�EQORWVCVKQP�QH�RTKEG�

+P�CFFKVKQP��VJG�CPVKFTCKP�XCNXG�QP�RQYGT�QRGTCVGF�U[UVGOU�KU�VGUVGF�

9G�YKNN�VCMG�C�ENQUGT�NQQM�CV�GCEJ�QH�VJGUG�VGUVU��QWVNKPKPI�VJG�RTQEGFWTGU����YJKEJ�[QW�YKNN�UVWF[�CPF
RTCEVKEG�HWTVJGT�FWTKPI�[QWT�HKGNF�VTCKPKPI����CPF�FGUETKDKPI�VJG�KPVGTRTGVCVKQP�QH�VGUV�TGUWNVU���*QYGXGT�
DGHQTG�YG�FQ�VJKU��YG�OWUV�HKTUV�FKUEWUU�UGXGTCN�KORQTVCPV�FGVGTOKPCVKQPU�VJCV�[QW�OWUV�OCMG�DGHQTG�CP[
VGUVKPI�DGIKPU��
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(QWT�UGRCTCVG�UGVU�QH�RTG�VGUV�FGVGTOKPCVKQPU�CTG�RTGUETKDGF�KP�VJG�'21	U�HQT�DQVJ�ITCXKV[�FKUEJCTIG�CPF
RQYGT�QRGTCVGF�U[UVGOU�CU�FGUETKDGF�DGNQY���#�HKHVJ�UGV��TGSWKTGF�HQT�ITCXKV[�FKUEJCTIG�U[UVGOU�QPN[��YKNN
CNUQ�DG�FGUETKDGF���

2TGVGUV�&GVGTOKPCVKQPU�5GEVKQP�QH�'21�

�� &GVGTOKPG�VJCV�VJG�VGUV�HNWKF�KP�VJG�VCPM�EQORCTVOGPV�KU�UKOKNCT�KP�EJCTCEVGT�VQ�VJG�HNWKF�VQ�DG�OGCUWTGF
EQOOGTEKCNN[�

#NN�NKSWKFU�JCXG�FKUVKPEVKXG�RJ[UKECN�RTQRGTVKGU��UWEJ�CU�XKUEQUKV[��ITCXKV[��XCRQT�RTGUUWTG��EQGHHKEKGPV�QH
VJGTOCN�GZRCPUKQP��GVE���$GECWUG�VJGUG�RTQRGTVKGU�CTG�CUUQEKCVGF�YKVJ�HCEVQTU�VJCV�CHHGEV�VJG�RGTHQTOCPEG
QH�C�U[UVGO��VJG�RTQRGTVKGU�QH�VJG�UWDUVCPEG
U��VJCV�YKNN�DG�OGCUWTGF�CTG�VCMGP�KPVQ�CEEQWPV�KP�UGNGEVKPI�VJG
CRRTQRTKCVG�GSWKROGPV��CPF�KP�ECNKDTCVKPI�VJG�U[UVGO�CHVGT�KV�JCU�DGGP�KPUVCNNGF���+P�OQUV�HKGNF�GZCOKPCVKQPU�
VJG�VCPM�YKNN�DG�HKNNGF�YKVJ�VJG�RTQFWEV�VJCV�KV�PQTOCNN[�JQNFU���+P�UQOG�ECUGU��JQYGXGT����GURGEKCNN[�YJGP
VJG�EQOOGTEKCN�RTQFWEV�KU�GZVTGOGN[�VQZKE�QT�XQNCVKNG��CPF�YQWNF�RTGUGPV�C�RQVGPVKCN�JC\CTF�KH�WUGF�KP
VGUVKPI����C�PQP�JC\CTFQWU�NKSWKF�OC[�DG�WUGF��RTQXKFGF�VJCV�KV�JCU�VJG�UCOG�IGPGTCN�EJCTCEVGTKUVKEU�CU�VJG
EQOOGTEKCN�RTQFWEV�

����������������������������������������������������������������������������������������������������������������������������������

0�����6GUV�.KSWKF�


C� #�OGCUWTKPI�U[UVGO�UJCNN�DG�VGUVGF�YKVJ�VJG�NKSWKF�VQ�DG�EQOOGTEKCNN[�OGCUWTGF
QT�YKVJ�C�NKSWKF�QH�VJG�UCOG�IGPGTCN�RJ[UKECN�EJCTCEVGTKUVKEU���(QNNQYKPI�C�UCVKU�
HCEVQT[�GZCOKPCVKQP��VJG�YGKIJVU�CPF�OGCUWTGU�QHHKEKCN�UJQWNF�CVVCEJ�C�UGCN�QT�VCI
KPFKECVKPI�VJG�RTQFWEV�WUGF�FWTKPI�VJG�VGUV�

#OGPFGF������


D� #�OKNM�OGCUWTKPI�U[UVGO�UJCNN�DG�VGUVGF�YKVJ�VJG�V[RG�QH�OKNM�VQ�DG�OGCUWTGF
YJGP�VJG�CEEWTCE[�QH�VJG�U[UVGO�KU�CHHGEVGF�D[�VJG�EJCTCEVGTKUVKEU�QH�OKNM�
G�I��
RQUKVKXG�FKURNCEGOGPV�OGVGTU��


#OGPFGF������

����������������������������������������������������������������������������������������������������������������������������������

+V�KU�IGPGTCNN[�VJG�TGURQPUKDKNKV[�QH�VJG�QYPGT�QT�QRGTCVQT�VQ�CUUWTG�VJCV�VJG�NKSWKF�WUGF�KP�VJG�VGUV�KU�GKVJGT
VJG�RTQFWEV�VJCV�KU�PQTOCNN[�FKURGPUGF��QT�CP�CEEGRVCDNG�UWDUVKVWVG���;QW�UJQWNF�CUM�VJG�QRGTCVQT�VQ�KFGPVKH[
VJG�HNWKF�KP�VJG�U[UVGO�CV�VJG�DGIKPPKPI�QH�VJG�VGUV�CPF�YJGVJGT�QT�PQV�KV�KU�VJG�EQOOGTEKCN�RTQFWEV�PQTOCNN[
FGNKXGTGF��CPF�TGEQTF�VJG�TGURQPUG�QP�[QWT�QHHKEKCN�TGRQTV�HQTO���;QW�YKNN�PQV��QH�EQWTUG��DG�CDNG�VQ�VGUV
VQ�XGTKH[�VJKU�KPHQTOCVKQP�KP�VJG�HKGNF���+H�[QW�JCXG�TGCUQP�VQ�DGNKGXG�VJCV�VJG�KFGPVKHKECVKQP�RTQXKFGF�D[�VJG
QRGTCVQT� KU� PQV� CEEWTCVG�� QT� VJCV� C� UWDUVKVWVG� VGUV� NKSWKF� FQGU� PQV� JCXG� VJG� RTQRGT� IGPGTCN� RJ[UKECN
EJCTCEVGTKUVKEU��[QW�UJQWNF�TGSWGUV�XGTKHKECVKQP�HTQO�VJG�QRGTCVQT�QT��KH�PGEGUUCT[��TGSWGUV�C�UCORNG�VQ�VCMG
YKVJ�[QW�HQT�HWTVJGT�VGUVKPI�
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�� &GVGTOKPG�YJGVJGT�VJG�RTQXGT�UK\G�KU�CFGSWCVG�

6JG�PQOKPCN�ECRCEKV[�QH�VJG�RTQXGT�WUGF�HQT�VJG�6GUV�OWUV�DG�PQ�NGUU�VJCP�VJG�COQWPV�QH�RTQFWEV�VJCV�ECP
DG�FGNKXGTGF�D[�VJG�U[UVGO�KP�QPG�OKPWVG�CV�KVU�OCZKOWO�FKUEJCTIG�TCVG���+H��HQT�GZCORNG��[QW�CUEGTVCKP

HTQO�VJG�TGSWKTGF�OCTMKPIU�QP�VJG�OGVGT��VJCV�VJG�OCZKOWO�FKUEJCTIG�TCVG�TGEQOOGPFGF�KU�����IRO��[QW
YQWNF�PGGF�C�RTQXGT�YKVJ�C�PQOKPCN�ECRCEKV[�QH�CV�NGCUV�����ICN�
KP�CNN�RTQDCDKNKV[��VJG�UVCPFCTF�CXCKNCDNG
RTQXGT�UK\G�VJCV�YKNN�DG�CFGSWCVG�YKNN�JCXG�C�PQOKPCN�ECRCEKV[�QH�����ICN���

6JKU�VGUV�TGSWKTGOGPV��NKMG�VJCV�SWQVGF�CDQXG�HQT�VJG�VGUV�NKSWKF��KU�KPENWFGF�KP�VJG�8GJKENG�6CPM�/GVGTU
%QFG�CU�C�0QVG�

����������������������������������������������������������������������������������������������������������������������������������

0�����6GUV�&TCHVU����6GUV�FTCHVU�UJQWNF�DG�GSWCN�VQ�CV�NGCUV�VJG�COQWPV�FGNKXGTGF�D[�VJG
FGXKEG�KP�QPG�OKPWVG�CV�KVU�OCZKOWO�FKUEJCTIG�TCVG��CPF�UJCNN�KP�PQ�ECUG�DG�NGUU�VJCP����
.�
���ICN��QT�����MI�
����ND��

#OGPFGF������

����������������������������������������������������������������������������������������������������������������������������������

6JG�TGCUQP�HQT�VJKU�TGSWKTGOGPV�KU�VJCV�CP[�RQUKVKXG�FKURNCEGOGPV�OGVGT�YKNN�RGTHQTO�NGUU�CEEWTCVGN[�CV�VJG
XGT[�DGIKPPKPI�CPF�GPF�QH�C�FGNKXGT[��DGECWUG�UQOG�QH�VJG�GPGTI[�QH�VJG�OQXKPI�HNWKF��YJKEJ�UJQWNF�DG
VTCPUHGTTGF�FKTGEVN[�VQ�VJG�KPFKECVKPI�GNGOGPVU��OWUV�DG�WUGF�VQ�QXGTEQOG�KPGTVKC�
VJG�VGPFGPE[�QH�C�DQF[
VJCV�KU�CV�TGUV�VQ�TGOCKP�CV�TGUV�CPF�QH�C�DQF[�VJCV�KU�KP�OQVKQP�CV�C�IKXGP�URGGF��VQ�TGOCKP�KP�OQVKQP�CV�VJCV
URGGF����1PEG�VJG�OGVGT�JCU�CVVCKPGF�C�EQPUVCPV�TCVG�QH�TGXQNWVKQP��ECNNGF�C��UVGCF[�UVCVG���KPGTVKCN�TGUKUVCPEG
KU�XKTVWCNN[�GNKOKPCVGF�WPVKN�VJG�OGVGT�OWUV�FGEGNGTCVG�VQ�C�UVQR�CV�VJG�GPF�QH�VJG�FGNKXGT[���$GECWUG�VJG
KPCEEWTCE[�TGUWNVKPI�HTQO�KPGTVKCN�HCEVQTU�YKNN�DG�VJG�UCOG�HQT�CNN�FGNKXGTKGU�OCFG�WPFGT�VJG�UCOG�EQPFKVKQPU

YKVJ�VJG�UCOG�NKSWKF�CV�VJG�UCOG�TCVG�����RTQXKFGF�VJCV�VJG�OGVGT�JCU�TGCEJGF�C�UVGCF[�UVCVG����VJG�GHHGEV
QP�VJG�CEEWTCE[�QH�CP[�IKXGP�KPFKECVGF�FGNKXGT[�YKNN�DG�C�HWPEVKQP�QH�VJG�SWCPVKV[�FGNKXGTGF���6JG�NCTIGT
VJG�FGNKXGT[��VJG�UOCNNGT�VJG�GHHGEV�CU�C�RGTEGPVCIG�QH�VJG�SWCPVKV[�FGNKXGTGF���6JG�HCEV�VJCV�C�OGVGT�ECP�DG
GZRGEVGF�VQ�CVVCKP�CPF�QRGTCVG�CV�C�UVGCF[�UVCVG�YKVJKP�QPG�OKPWVG��CPF�VJG�HCEV�VJCV�FGNKXGTKGU�QH�NGUU�VJCP
VJKU�COQWPV�CTG�PQV�WUWCN�HQT�XGJKENG�VCPM�U[UVGOU��RTQXKFG�VJG�DCUGU�HQT�VJKU�IGPGTCN�TGSWKTGOGPV��YJKEJ
GHHGEVKXGN[�GUVCDNKUJGU�C�OKPKOWO�FGNKXGT[�VKOG�HQT�CP[�VGUV�FTCHV�

+H�C�ITCXKV[�FKUEJCTIG�U[UVGO�KU�DGKPI�VGUVGF��[QW�OWUV�CNUQ�FGVGTOKPG�VJCV�VJG�RTQXGT�KPNGV�KU�NQYGT�VJCP
VJG�OGVGT�QWVNGV���+H�KV�KU�PQV��FGNKXGT[�OC[�DG�KORQUUKDNG�QT�OC[�DG�KPVGTTWRVGF�DGHQTG�VJG�FTCHV�KU�HKPKUJGF�

�� &GVGTOKPG�CRRNKECDNG�VQNGTCPEGU�

+V�KU�TGEQIPK\GF�VJCV�PGKVJGT�VJG�OGCUWTKPI�FGXKEG�DGKPI�VGUVGF�PQT�VJG�UVCPFCTF�WUGF�VQ�VGUV�KV�KU�ECRCDNG�QH
GTTQTNGUU�XCNWG�QT�RGTHQTOCPEG�WPFGT�CNN�UGVU�QH�QRGTCVKPI�EQPFKVKQPU�VJCV�CTG�QDVCKPGF�KP�VJG�HKGNF���(QT�VJKU
TGCUQP�VQNGTCPEGU�CTG�GUVCDNKUJGF�VQ�HKZ�VJG�CEEGRVCDNG�TCPIG�QH�KPCEEWTCE[�HQT�FGXKEGU�KP�EQOOGTEKCN�WUG�
6QNGTCPEGU�CTG�KPVGPFGF�VQ�RGTOKV�OGCUWTGOGPV�GTTQTU�VJCV�CTG�UOCNN�GPQWIJ�VJCV�VJG[�ECPPQV�ECWUG�UGTKQWU
GEQPQOKE�KPLWT[�VQ�GKVJGT�DW[GT�QT�UGNNGT���#V�VJG�UCOG�VKOG��JQYGXGT��VQNGTCPEGU�OWUV�PQV�DG�UQ�UVTKPIGPV
CU�VQ�OCMG�VJG�EQUVU�QH�OCPWHCEVWTKPI�CPF�OCKPVCKPKPI�EQOOGTEKCN�GSWKROGPV�WPTGCUQPCDN[�DWTFGPUQOG�
UKPEG� VJGUG� EQUVU� CTG� WNVKOCVGN[� RCUUGF� QP� VQ� VJG� EQPUWOGT�� � 6JG� VQNGTCPEGU� GUVCDNKUJGF� D[� EQFG� QT
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TGIWNCVKQP�CPF�GPHQTEGF�D[�YGKIJVU�CPF�OGCUWTGU�LWTKUFKEVKQPU�CTG�EQPUKFGTGF�CU�OKPKOWO�TGSWKTGOGPVU
D[�OCPWHCEVWTGTU�CPF�KPFWUVTKGU��VJG[�ECP��CPF�QHVGP�FQ��GUVCDNKUJ�RGTHQTOCPEG�UVCPFCTFU�VJCV�CTG�OQTG
UVTKPIGPV�

6JG�URGEKHKE�VQNGTCPEG�XCNWG�VJCV�CRRNKGU�HQT�C�RCTVKEWNCT�VGUV�QH�C�RCTVKEWNCT�XGJKENG�VCPM�OGVGTKPI�U[UVGO
KU�FGVGTOKPGF�D[�VJTGG�HCEVQTU�

! 6JG�COQWPV�QH�VKOG�VJG�FGXKEG�JCU�DGGP�KP�UGTXKEG�

! 6JG�V[RG�QH�VGUV�VJCV�KU�DGKPI�RGTHQTOGF��

! 6JG�UK\G�QH�VJG�VGUV�FTCHV�

(QT�XGJKENG�VCPM�OGVGTU����CU�HQT�CNN�OGEJCPKECN�FGXKEGU�YJQUG�GTTQTU�KP�RGTHQTOCPEG�ECP�DG�GZRGEVGF�VQ
KPETGCUG�CU�C�TGUWNV�QH�GZVGPFGF�WUG����*CPFDQQM����UGVU�HQTVJ�VYQ�UGVU�QH�VQNGTCPEGU�

����������������������������������������������������������������������������������������������������������������������������������

)�6�����#EEGRVCPEG�6QNGTCPEGU�����#EEGRVCPEG�VQNGTCPEGU�UJCNN�CRRN[�VQ�


C� GSWKROGPV�VQ�DG�RWV�KPVQ�EQOOGTEKCN�WUG�HQT�VJG�HKTUV�VKOG�


D� GSWKROGPV�VJCV�JCU�DGGP�RNCEGF�KP�EQOOGTEKCN�UGTXKEG�YKVJKP�VJG�RTGEGFKPI����FC[U�CPF
KU�DGKPI�QHHKEKCNN[�VGUVGF�HQT�VJG�HKTUV�VKOG�


E� GSWKROGPV�VJCV�JCU�DGGP�TGVWTPGF�VQ�EQOOGTEKCN�UGTXKEG�HQNNQYKPI�QHHKEKCN�TGLGEVKQP�HQT
HCKNWTG�VQ�EQPHQTO�VQ�RGTHQTOCPEG�TGSWKTGOGPVU�CPF�KU�DGKPI�QHHKEKCNN[�VGUVGF�HQT�VJG�HKTUV
VKOG�YKVJKP����FC[U�CHVGT�EQTTGEVKXG�UGTXKEG�


F� GSWKROGPV� VJCV� KU� DGKPI�QHHKEKCNN[� VGUVGF� HQT� VJG� HKTUV� VKOG�YKVJKP����FC[U� CHVGT�OCLQT
TGEQPFKVKQPKPI�QT�QXGTJCWN��CPF


G� GSWKROGPV�WPFGTIQKPI�V[RG�GXCNWCVKQP�

#OGPFGF������

)�6�����/CKPVGPCPEG�6QNGTCPEGU�����/CKPVGPCPEG�VQNGTCPEGU�UJCNN�CRRN[�VQ�GSWKROGPV�KP�CEVWCN
WUG��GZEGRV�CU�RTQXKFGF�KP�)�6���

����������������������������������������������������������������������������������������������������������������������������������

! CEEGRVCPEG�VQNGTCPEGU�CTG�CRRNKGF�VQ�PGY�GSWKROGPV�YJGP�KV�KU�HKTUV�RWV�KPVQ�UGTXKEG��YJGP
KV�KU�TGVWTPGF�VQ�UGTXKEG�CHVGT�TGEQPFKVKQPKPI�QT�TGRNCEGOGPV�QH�OCLQT�EQORQPGPVU��QT�YJGP
CFLWUVOGPVU� QT� TGRCKTU� JCXG� DGGP� OCFG� CU� VJG� TGUWNVU� QH� C� YGKIJVU� CPF� OGCUWTGU
EQORNKCPEG�CEVKQP�

! OCKPVGPCPEG�VQNGTCPEGU�CTG�CRRNKGF�VQ�GSWKROGPV�VJCV�JCU�DGGP�KP�UGTXKEG�HQT�OQTG�VJCP���
FC[U�
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6JG�CEEGRVCPEG� VQNGTCPEG�HQT�C�XGJKENG�VCPM�OGVGT� KU�URGEKHKGF�CU�QPG�JCNH� VJG�XCNWG�QH� VJG�CRRNKECDNG
OCKPVGPCPEG� VQNGTCPEG�� � 6JG� OCKPVGPCPEG� VQNGTCPEG� VJGTGHQTG� EQPUVKVWVGU� C� UQOGYJCV� NGUU� UVTKPIGPV
EQORNKCPEG�UVCPFCTF��KV�VJWU�CNNQYU�C�NKOKVGF�FGITGG�QH�FGVGTKQTCVKQP�KP�RGTHQTOCPEG�CPF�IGPGTCNN[�CUUWTGU
C�TGCUQPCDNG�RGTKQF�QH�WUG�DGHQTG�VJG�FGXKEG�OWUV�DG�TGEQPFKVKQPGF�

*CPFDQQM����CNUQ�URGEKHKGU�C�UGV�QH�URGEKCN�VGUV�VQNGTCPEGU��YJKEJ�CRRN[�VQ��URGEKCN��VGUVU���5RGEKCN�VGUVU
CTG�VGUVU�VJCV�CTG�OCFG�VQ�FGXGNQR�VJG�QRGTCVKPI�EJCTCEVGTKUVKEU�QH�VJG�U[UVGO�CPF�CP[�URGEKCN�CEEGUUQTKGU
QT�GNGOGPVU�CUUQEKCVGF�YKVJ�KV���$GECWUG�VJG[�KPXQNXG�QRGTCVKPI�EQPFKVKQPU�VJCV�CTG�PQV��PQTOCN�����DWV
YJKEJ�OC[�CPF�FQ�QEEWT�KP�VJG�HKGNF����VJG[�RGTOKV�C�UQOGYJCV�ITGCVGT�FGITGG�QH�KPCEEWTCE[�VJCP�VJG�XCNWGU
HQT�OCKPVGPCPEG�CPF�CEEGRVCPEG�HQT��PQTOCN��VGUVU���

6JG�FKUVKPEVKQP�DGVYGGP��PQTOCN��CPF��URGEKCN��VGUVU�KU�UGV�HQTVJ�KP�VYQ�0QVGU�KPENWFGF�KP�VJG�8GJKENG�6CPM
/GVGTU�%QFG�

����������������������������������������������������������������������������������������������������������������������������������
0�����6GUVKPI�2TQEGFWTGU�

0�������0QTOCN�6GUVU����6JG��PQTOCN��VGUV�QH�C�OGCUWTKPI�U[UVGO�UJCNN�DG�OCFG�CV
VJG�OCZKOWO�FKUEJCTIG� TCVG� VJCV�OC[�DG� CPVKEKRCVGF�WPFGT� VJG� EQPFKVKQPU�QH� VJG
KPUVCNNCVKQP����#P[�CFFKVKQPCN�VGUVU�EQPFWEVGF�CV�HNQY�TCVGU�FQYP�VQ�CPF�KPENWFKPI�QPG�
JCNH�QH�VJG�UWO�QH�VJG�OCZKOWO�FKUEJCTIG�HNQY�TCVG�CPF�VJG�TCVGF�OKPKOWO�FKUEJCTIG
HNQY�TCVG�UJCNN�DG�EQPUKFGTGF�PQTOCN�VGUVU�

#OGPFGF������

0�������5RGEKCN�6GUVU�
'ZEGRV�/KNM�/GCUWTKPI�5[UVGOU������5RGEKCN��VGUVU�UJCNN�DG
OCFG�VQ�FGXGNQR�VJG�QRGTCVKPI�EJCTCEVGTKUVKEU�QH�C�OGCUWTKPI�U[UVGO�CPF�CP[�URGEKCN
GNGOGPVU�CPF�CEEGUUQTKGU�CVVCEJGF�VQ�QT�CUUQEKCVGF�YKVJ�VJG�FGXKEG���#P[�VGUV�GZEGRV
CU�UGV�HQTVJ�KP�0������UJCNN�DG�EQPUKFGTGF�C�URGEKCN�VGUV���5RGEKCN�VGUVU�QH�C�OGCUWTKPI
U[UVGO�UJCNN�DG�OCFG�CU�HQNNQYU�


C� #V� C� OKPKOWO� FKUEJCTIG� TCVG� QH� ��� RGTEGPV� QH� VJG� OCTMGF� OCZKOWO
FKUEJCTIG� TCVG� QT� CV� VJG� OKPKOWO� FKUEJCTIG� TCVG� OCTMGF� QP� VJG� FGXKEG�
YJKEJGXGT�KU�NGUU�


D� 6Q�FGXGNQR�VJG�QRGTCVKPI�EJCTCEVGTKUVKEU�QH�VJG�OGCUWTKPI�U[UVGO�FWTKPI�C
URNKV�EQORCTVOGPV�FGNKXGT[�


#OGPFGF������
����������������������������������������������������������������������������������������������������������������������������������

6QNGTCPEG�XCNWGU�HQT�DQVJ�PQTOCN�CPF�URGEKCN�VGUVU�CTG�UGV�HQTVJ�KP�RCTCITCRJ�6���QH�VJG�8GJKENG�6CPM
/GVGTU�%QFG���6CDNG����HTQO�RCTCITCRJ�6����UGVU�HQTVJ�VQNGTCPEGU�HQT�CNN�XGJKENG�VCPM�OGVGTU�GZEGRV�OKNM�
CITK�EJGOKECN��CPF�OCUU�HNQY�OGVGTU���
6QNGTCPEGU�HQT�VJGUG�OGVGTU�CTG�KPENWFGF�KP�UGRCTCVG�VCDNGU�KP�6��
KP�VJG�/CUU�(NQY�/GVGTU�%QFG��YJKEJ�JCXG�PQV�DGGP�TGRTQFWEGF�JGTG��

#U�[QW�ECP�UGG��VJG�XCNWG�QH�VJG�VQNGTCPEG�KPETGCUGU�YKVJ�VJG�SWCPVKV[�KPFKECVGF�
K�G���YKVJ�VJG�UK\G�QH�VJG
VGUV�FTCHV����*QYGXGT��PQVG�VJCV��GZRTGUUGF�CU�C�RGTEGPVCIG�QH�VJG�KPFKECVGF�SWCPVKV[��VJG�VQNGTCPEGU�CEVWCNN[
FGETGCUG�CU�VJG�FTCHV�UK\G�KPETGCUGU���(QT�GZCORNG��VJG�DCUKE�OCKPVGPCPEG�VQNGTCPEG�HQT�C�����ICNNQP�FTCHV
KU����EW�KP��QT��������RGTEGPV��DWV�VJG�DCUKE�OCKPVGPCPEG�VQNGTCPEG�HQT�C�����ICNNQP�FTCHV�KU�����EW�KP��QT
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�������RGTEGPV���6JKU�TGHNGEVU�VJG�EJCTCEVGTKUVKE�FGUETKDGF�CDQXG��VJCV�VJG�KPCEEWTCE[�TGUWNVKPI�HTQO�KPGTVKCN
HCEVQTU�CV�VJG�DGIKPPKPI�CPF�VJG�GPF�QH�VJG�FTCHV�KU�EQPUVCPV�HQT�CP[�IKXGP�UK\G�QH�FTCHV��DWV�TGRTGUGPVU�C
UOCNNGT�RTQRQTVKQP�QH�VJG�VQVCN�FGNKXGT[�VJG�NCTIGT�VJG�COQWPV�FGNKXGTGF�
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Table 1.
Tolerances for Vehicle-Tank Meters Except for Vehicle-Mounted Milk Meters,

Agri-Chemical Meters, and Water Meters

Normal tests Special tests

Indication
Maintenance Acceptance toler- Maintenance and acceptance

tolerance ance tolerance

(Gallons) (Cubic inches) (Cubic inches) (Cubic inches)

50 50 25 50

Over 50 Add 1/2 cubic Add 1/4 cubic Add 1 cubic
inch per inch per inch per
indicated indicated indicated

gallon over 50 gallon over 50 gallon over 50

Paragraph T.1 (not reproduced here) states that performance tolerances apply to errors of underregistration
and overregistration.   

! Underregistration is the indication of a smaller volume of product than has actually been
delivered and generally favors the buyer.  When the system is underregistering, the prover
reading will indicate a positive (plus) error.

! Overregistration is the indication of a greater volume of product than has actually been
delivered and generally favors the seller.  When the system is overregistering, the prover
reading will be a negative (minus) value.

You should record all applicable tolerances before beginning the Test.  For a given metering system, you will
need to determine one basic tolerance (either maintenance or acceptance) and the special tolerance that will
apply.

4.  Repeatability.

4GRGCVCDKNKV[�TGHGTU�VQ�C�FGXKEG U�ECRCDKNKV[�VQ�TGRGCV�KVU�KPFKECVKQPU�WPFGT�TGCUQPCDN[�UKOKNCT�EQPFKVKQPU�
+P�QTFGT�VQ�EQORN[�YKVJ�*CPFDQQM�����C�FGXKEG�OWUV�DG�ECRCDNG�QH�TGRGCVKPI�YKVJKP�RTGUETKDGF�VQNGTCPEGU
KVU�KPFKECVKQPU�CPF�TGEQTFGF�TGRTGUGPVCVKQPU�

----------------------------------------------------------------------------------------------------------------------------------

6�����4GRGCVCDKNKV[����9JGP�OWNVKRNG�VGUVU�CTG�EQPFWEVGF�CV�CRRTQZKOCVGN[�VJG�UCOG�HNQY�TCVG�CPF�FTCHV�UK\G�
VJG�TCPIG�QH�VJG�VGUV�TGUWNVU�HQT�VJG�HNQY�TCVG�UJCNN�PQV�GZEGGF����RGTEGPV�CDUQNWVG�XCNWG�QH�VJG�OCKPVGPCPEG
VQNGTCPEG�CPF�VJG�TGUWNVU�QH�GCEJ�VGUV�UJCNN�DG�YKVJKP�VJG�CRRNKECDNG�VQNGTCPEG���5GG�CNUQ�0�������

#FFGF�������
#OGPFGF������

----------------------------------------------------------------------------------------------------------------------------------

9JGP�EQPFWEVKPI�OWNVKRNG�VGUVU�QH�C�XGJKENG�VCPM�OGVGTKPI�U[UVGO�CV�CRRTQZKOCVGN[�VJG�UCOG�HNQY�TCVG��VJG
TCPIG�QH�VGUV�TGUWNVU�UJCNN�PQV�GZEGGF����RGTEGPV�QH�VJG�CDUQNWVG�XCNWG�QH�OCKPVGPCPEG�VQNGTCPEG�CPF�VJG
TGUWNVU�QH�GCEJ�VGUV�UJCNN�DG�YKVJKP�CRRNKECDNG�VQNGTCPEG�
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%QPUKFGT�VJG�GZCORNG�QH�VYQ�����ICNNQP�PQTOCN�VGUV�FTCHVU�TWP�CV�CRRTQZKOCVGN[�VJG�UCOG�HNQY�TCVG���+H
OCKPVGPCPEG�VQNGTCPEG�CRRNKGU��VJG�VQNGTCPEG�HQT�GCEJ�KPFKXKFWCN�FTCHV�KU����EWDKE�KPEJGU�RNWU�����EWDKE�KPEJ
RGT�KPFKECVGF�ICNNQP�QXGT������6JWU��VJG�CRRNKECDNG��OCKPVGPCPEG�VQNGTCPEG�KU�

���EWDKE�KPEJGU��=����Z���?�����EWDKE�KPEJGU

#U�URGEKHKGF�KP�RCTCITCRJ�6�����VJG�VQNGTCPEGU�CRRN[�VQ�DQVJ�GTTQTU�QH�WPFGTTGIKUVTCVKQP�CPF�GTTQTU�QH
QXGTTGIKUVTCVKQP���6JGTGHQTG�

OCKPVGPCPEG�VQNGTCPEG���������EWDKE�KPEJGU
CDUQNWVG�XCNWG�QH�OCKPVGPCPEG�VQNGTCPEG������EWDKE�KPEJGU

6JG�TGRGCVCDKNKV[�VQNGTCPEG�URGEKHKGF�KP�RCTCITCRJ�6����KU�ECNEWNCVGF�CU����RGTEGPV�QH�VJG�CDUQNWVG�XCNWG�QH
OCKPVGPCPEG�VQNGTCPEG�

���EWDKE�KPEJGU�Z�����������EWDKE�KPEJGU

+H�VJG�TGUWNV�QH�VJG�HKTUV�VGUV�KU�����EWDKE�KPEJGU�CPF�VJG�TGUWNV�QH�VJG�UGEQPF�VGUV�KU����EWDKE�KPEJGU��GCEJ
VGUV�TGUWNV�KU�YKVJKP�VJG�RNWU�QT�OKPWU�VJG�CRRNKECDNG�������EWDKE�KPEJ�OCKPVGPCPEG�VQNGTCPEG�RGTOKVVGF�HQT
KPFKXKFWCN�VGUV�FTCHVU���*QYGXGT��VJG�TGUWNVU�JCXG�C�TCPIG�QH����EWDKE�KPEJGU�
����VQ���EWDKE�KPEJGU�
YJKEJ�GZEGGFU�VJG�TGRGCVCDKNKV[�VQNGTCPEG�QH����EWDKE�KPEJGU�

5. Note totalizer reading.

As you know, totalizers are usually not considered to be primary indicating elements, and so are not subject
to the specific requirements that apply, for example, to the register and ticket printer.  However, they have
an important function in the Test.  At the conclusion of the Test, the inspector must record on the official
report form the total quantity of product that has been delivered in the course of the examination.  This is
necessary so that the operator can reconcile inventory figures (the product used in the Test will have been
returned to the possession of the operator, but will have been metered, and so will be included in the amount
shown on the totalizer as delivered).  Recording the totalizer reading at the beginning and the end of the Test
provides this information without the time-consuming computation required to add the quantities registered
for each separate test draft.  You will simply subtract the beginning reading from the ending reading:  the
result will be the total quantity delivered in the course of the Examination.

As mentioned earlier, one additional set of determinations must be made before testing gravity-discharge
systems:

6. Determine that a compartment or compartments have a sufficient amount of product to conduct "high
head" and "low head" tests.

"Head" is a technical term for the height of the top surface of the liquid product contained in the vehicle tank
above the delivery point (the point where product leaves the discharge nozzle).  In a gravity-discharge
system, the discharge rate developed at any given point during a delivery is directly proportional to the head.
So when the tank is full, the system will deliver product at a higher discharge rate than when it is one-half
full, and the discharge rate will be proportionally lower still when the tank is nearly empty. In order to
develop the operating characteristics of the system over its range of flow rates, the normal test of a
gravity-discharge system involves drafts at "full head" (with the tank full), at "medium head" (with tank
about one-half full), and at "low head" (by definition, when the tank holds about one-and-one-half times the
nominal capacity of the prover).  If the tank has two compartments, one should be full at the beginning of
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the Test and the other compartment empty.  This will allow you to regulate the quantity of product contained
in the first compartment for the medium head and low head tests by returning all or part of the first test draft
to the empty compartment.  This transferring process can be eliminated if the tank has three or more
compartments, since one can be filled to full head, one to medium head, and one to low head in preparation
for the Test.  If the tank is not compartmented, some suitable receiving vessel will have to be provided in
which to return all or part of the test draft after the full head and other tests.  In any case, you should
ascertain from the operator the capacity of the tank or tank compartments and the level to which they are
filled prior to the start of the Test and record this data for future reference.

6*'�6'56

When you have completed all Pre-test Determinations, you are ready to begin the Test.  Each of the separate
tests mentioned above involves drawing one or more test drafts.  Because several steps in the procedure are
repeated for each draft, the EPO’s list these repeated operations under the heading "Test Notes."  The
procedures described in the Test Notes are identical for gravity-discharge and power-operated systems.
Before we turn to the tests themselves, let us look at these four basic and repeated procedures.

1. Wet prover.  Allow the specified drain period each time the prover is emptied.

The procedure for wetting the prover, and the necessity for observing the specified drain period when
emptying it, were described in the last chapter.  It bears repeating, however, that this step is essential to
assure accurate test results.  If the drain period is exceeded by more than a few seconds, the prover should
be re-wet.

2. Exercise care so that the product temperature is the same in the prover as in the meter.

As you know, most liquids expand when heated and contract when cooled.  (Water and mixtures that are
predominantly composed of water are exceptions to this general rule at temperatures close to their freezing
point, since water reaches its highest density -- its greatest contraction -- at about 39.1 EF, and it will expand
when heated or cooled from that temperature.  However, water, and most products containing water, are
generally maintained in vehicle tanks at temperatures that are considerably higher than 39.1 EF, and so will,
for all practical purposes, follow the general rule).  Depending on the physical properties of the test liquid,
a relatively small increase in temperature can have an effect on the volume of a test draft that is significant
for testing purposes.  For example, the approximate coefficient of cubical expansion for gasoline is 0.0006
per EF.  This means that one gallon of gasoline will expand by about 0.0006 gal for every degree Fahrenheit
that its temperature is raised.  If the temperature of a test draft of 100 gallons was to increase by as little as
2 EF over its temperature when it passed through the meter, the total effect would thus be:

coefficient of temperature     volume
gallons x cubical expansion x change (EF) =  change

100 x .0006 x 2 =  0.12 gal
 = 27.72 cubic inches

This amount represents nearly three-quarters of the basic acceptance tolerance for a 100-gallon draft, and
so could quite obviously lead to an erroneous determination.  

The amount of temperature change that occurs under a given set of test conditions will depend upon a
number of variables, including environmental factors (the difference between the temperature of the product
in the system and the ambient temperature of the prover, the overall dimensions, design, and material of the
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prover, the presence of wind, sun, precipitation, etc.), the size of the draft, and the elapsed time of the draft,
measured from the beginning of flow from the discharge nozzle to the reading of the prover gauge.  The total
effect of the temperature change will depend upon the physical properties of the test liquid, primarily its
coefficient of thermal expansion.

The number and variability of these factors make it practically impossible to predict the effect of temperature
change under any particular set of test conditions.  So the only way to determine whether the effect will be
significant on test results is to record the temperature of the product at the meter and inside the prover at the
time when a reading is taken.  Most provers with calibrated capacities in excess of 200 gal are equipped with
thermometer wells, which will facilitate determining the temperature of the product inside the prover.
However, vehicle-tank meters are not required to be equipped with temperature sensing and indicating
devices, so precise calculations based upon the temperature of the product as it is being measured are
generally not possible.

If temperature measurements are available from both the meter and the prover, you should record them
routinely.  You should also ascertain the coefficient of expansion for the test liquid, either from the operator,
or from appropriate liquid measurement tables.  This will enable you to determine the effect of temperature
change on the product by performing the calculation illustrated above.  A similar computation must be made
to adjust for the change in the capacity of the prover that will result from its being heated or cooled by the
product to a temperature that differs from the one for which it was calibrated (usually 60 EF).  The net result
can then be subtracted from the prover reading to obtain the corrected error for the draft.

If you are not able to obtain accurate temperature readings of the product at the meter, the best you can do
is to control, as far as possible, the factors that cause temperature change under test conditions.  Avoid testing
outdoors under extreme climatic conditions of any kind (temperature, wind, rain, etc.) and, if possible, avoid
positioning the prover in full sun.  The factor that is most controllable by the inspector is the elapsed time
of the test.  You should take prover readings as soon as possible after delivery is completed.  If a test must
be interrupted for an extended period of time and the results are close to the applicable tolerance (within
20%), it may be advisable to repeat the test.  If these precautions are taken, it is unlikely that sufficient
temperature change will occur during the course of the delivery to significantly affect test results.

3. Record totalizer indications before and after each draft to determine proper operation.

Since the totalizer will provide the basis for your calculation of the total quantity of product delivered during
the Test, you should check its accuracy against the register for each test draft.  The reason for repeating this
check is that any discrepancy between the quantity indicated on the register and the quantity determined by
subtracting the totalizer reading at the beginning of the draft from the ending reading may be attributable to
a malfunction of the totalizer or of the register.  If the discrepancy is consistent for each draft, either the
totalizer or the register (or both) will require repair or recalibration.  Inconsistency will usually indicate a
mechanical problem in one element or the other, often the result of dirt or other foreign material in a gear
train, or of excessive wear.  Unless the totalizer is used as a primary indicating element, there is no tolerance
for this check.  Its results will, however, indicate whether the total delivery information you provide for the
operator may be gathered using the totalizer, and the results may also be useful for diagnostic purposes. 

4. After each test draft:

a. print ticket if device is so equipped

b. if computing type, check price computations on indicator and on recorded representations
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c. check all indicated and recorded values for proper comparability

If the system you are examining is equipped with a ticket printer, or if its register is of the computing type,
all additional indications or recorded values must be checked for correctness.

The requirements relating to the information displayed on a printed ticket and the form in which this
information is displayed were described in Chapter 5.  To review:

! The ticket must show the total volume of the delivery in gallons and fractions of a gallon.
If the system is of the computing type, the ticket must also show the unit price at which the
system is set to compute and the computed total price.

! All recorded representations must be digital.

! All recorded representations must be readable.

! Recorded representations must agree with register indications exactly if the register is
digital, or with the closest analog scale division if the register is analog.

! If the system is of the computing type, the money-value division must be one cent if the
device is analog, or based upon a quantity-value division of 0.1 gallon or less if the device
is digital.

In addition, the Vehicle-Tank Meters Code establishes a requirement for agreement between the computed
price and the price computed mathematically (that is, by multiplying the indicated quantity by the unit price).

----------------------------------------------------------------------------------------------------------------------------------
S.1.4.4.  Money Values, Mathematical Agreement. - Any digital money-value indication
and any recorded money value on a computing-type device shall be in mathematical
agreement with its associated quantity indication or representation to within one cent of
money value.

----------------------------------------------------------------------------------------------------------------------------------

The allowance of one cent in the variation between the computed price and the price computed
mathematically is intended to provide for the rounding of computed values to the nearest whole cent.

Again, the purpose of repeating these procedures after each test draft is to determine whether errors in
indication or recording are consistent or inconsistent.  Because consistent error generally indicates incorrect
calibration and inconsistent error will indicate a mechanical (or electronic) malfunction, the results obtained
may assist the operator and repairpersons to identify and isolate specific problems. 

Tests to Develop the Operating Characteristics of the System

As explained in the introduction to this chapter, the characteristic accuracy curve of positive displacement
meters necessitates performance tests over the range of discharge rates for which a particular system is
designed and used.

The discharge rate of a gravity-discharge system varies with the level of liquid in the vehicle tank or tank
compartment.  (As you learned earlier, the discharge rate is proportional to the height of the liquid surface
above the discharge point -- the head -- and not the weight of the product in the tank.)  For example, a system
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that delivers about 120 gallons per minute when the tank is full may deliver about 90 gallons per minute
when the tank is approaching empty.  The average discharge rate of any particular delivery will thus depend
upon the level of product at the beginning of the delivery and the level of the product remaining at its
conclusion.  Because the average discharge rate of any delivery can be relatively high, low, or intermediate,
and because the meter can be expected to perform differently at different flow rates, a gravity-discharge
system is tested at high, medium, and low "head" (in fact, the relative levels specified apply more accurately
to the tank level than to the head itself, which includes the vertical drop from the bottom of the tank to the
discharge point).

The procedure for setting up these tests was described earlier under Pre-test Determinations.  A single draft
is drawn and the error recorded for each level specified.  Timing the drafts will give you an approximate
figure for the average rate of delivery.  This should be done at least for the "high head" test, to determine
whether the maximum rate developed by the system in use exceeds the recommended maximum rate marked
on the device.  As described in last chapter, Vehicle-Tank Meters Code, paragraph UR.1.1, requires that the
actual rate not exceed the recommended rate.

Since all three drafts are drawn under conditions that pertain to normal commercial deliveries, they are
designated "normal tests" for a gravity-discharge system, and the normal tolerance thus applies to the error
observed.

In the case of a power-operated system, on the other hand, the discharge rate can be regulated, usually by the
operator, using the discharge valve at the nozzle.  Most power-operated systems are calibrated to measure
deliveries most accurately at maximum flow, because it is at this rate that they are normally operated.
However, because the system can be operated at lower rates and because, as you know, the rate can have a
significant effect on performance, two test drafts are required.

The first is drawn at full flow (discharge nozzle wide open).  This is the "normal test" of the system, and the
basic tolerance applies to the results obtained.  As for gravity-discharge systems, this delivery should be
timed, to determine that the actual maximum discharge rate does not exceed the recommended rate.  

The second draft is drawn at the system’s recommended minimum rate (as marked on the meter), or at 20
percent of the maximum recommended rate, whichever is lower.  Because the conditions under which this
test is conducted are not "normal," it is designated a special test, and the special tolerance is applied to the
results.  This draft must be monitored with a watch or a stopwatch to assure that the correct rate is being
maintained.  Your instructor will demonstrate a technique for monitoring the slow flow delivery.  Because
this test can be expected to take about 5 times as long as the normal test, you must beware of the factor of
time as it affects changes in volume due to temperature change and/or evaporation.

When performing repeatability tests great care must be taken to ensure that the conditions of the tests are
identical.  For example, the ability to halt the delivery when the register is at a scale division and the
inspector’s ability to read the prover and correct for any error, as described in Chapter 4, might have an effect
on the degree of uncertainty in the reading officially recorded that is on the order of a single scale division.

As explained in the introduction, the difference between results for the maximum and minimum flow rates
tested will provide a general indication of the condition of the meter.  In general, the greater the difference
in results the more likely that the meter is badly worn and in need of repair.  The difference observed is likely
to be less for gravity-discharge systems than for power-operated systems because even at "low head" the
gravity-discharge system will still be operating at or above 50 percent of its maximum recommended
discharge rate.
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You should note also that the manner in which the tolerances are applied for these tests -- individually to the
recorded error for each draft, rather than to the difference in recorded errors -- makes it possible that a system
with a badly worn meter could receive approval under certain circumstances.

For example, consider the following results for tests conducted on a power-operated system employing a
100-gallon prover:

recorded error

normal test - 72 cu in

special slow + 96 cu in
flow test

The applicable tolerances for these tests will be 75 cu in and 100 cu in, respectively.  So the system is within
tolerance for both tests and, assuming that it meets all other requirements, may be approved.  However, the
observed meter error for the two sets of tests suggests that the meter is badly worn, and probably is in need
of reconditioning (note that an attempt to recalibrate the meter to reduce the observed error at either end of
the flow range will in all probability push performance at the other end outside the tolerance).

The policies and procedures of some jurisdictions provide for rejecting a system found to be in this condition
on the grounds that it does not meet the maintenance requirement set forth in the General Code (G-UR.4.1).
Your instructor will explain your jurisdiction’s policies in this regard to you.  But whether the system is
rejected or approved, you should be prepared to discuss your interpretation of test results with the operator
at the conclusion of the test.  If the device is permitted to remain in service, you should also make a note of
its condition, and of the information provided to the operator.

The Split Compartment Test

This is a test of the capability of the air elimination component of the system to prevent air and vapor from
entering the meter under the most demanding of circumstances -- when the fuel supply is exhausted and air
floods the intake line rapidly.  Under service conditions, this occurs when a tank compartment is emptied
while a delivery is in progress.  If the tank is multi-compartmented, and supply of the same product is
available from another compartment, the operator closes off the manifold valve to the empty compartment
and opens the valve to the new compartment without discontinuing the delivery (the pump generally remains
engaged throughout this process, and the register is not reset).  A similar situation occurs if the truck has only
a single compartment or if supply of the product being delivered is not available from another compartment
in a multi-compartmented tank.  The difference is that under service conditions the operator of a
single-compartment tank will terminate delivery when the supply has been exhausted, and the transaction
will be completed on the basis of the quantity delivered to that point.   Since accurate measurement under
all of these circumstances depends upon the proper function of the air eliminator, the same "split
compartment" test is applied to both single- and multi- compartmented vehicle tanks.  However, the
procedures are necessarily different, at least in part.

In either case, delivery to the prover is begun from a compartment containing less than one-half the nominal
capacity of the prover at the system’s full flow rate.  When this supply of product is exhausted, the air
eliminator should close the intake to the meter, preventing registration of air.  The register should then stop
and hold its current indication.  If it does not, some air/vapor is leaking  through the shut-off valve into the
meter.
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At this point, the test of a multi-compartmented tank will proceed as under normal service conditions:  the
pump will be left engaged while the manifold valve to the empty compartment is closed, and the valve to a
compartment containing sufficient product to complete the draft is opened.  The draft is then completed and
the error recorded, as for the tests described above.

In the case of a single-compartment tank, additional product must be added to the tank to complete the test.
This may be supplied from another truck or from a terminal.  If no source of additional supply is available
at the operator’s location, you must arrange to perform at least this portion of the Test at a distribution site,
or elsewhere.  Sufficient product to complete the draft must be added with the pump disengaged if the system
is power-operated, or with the control valve closed in the case of a gravity-discharge system.  This will have
the effect of interrupting the delivery.  However, this is exactly what would happen under service conditions:
the delivery would be discontinued and the single-compartment truck would be driven back to be refilled.
In addition, if the delivery is not halted at this point, product splashing into the bottom of the empty tank and
being drawn directly into the supply line will likely include far more entrained air than it would under normal
conditions (since delivery would resume only after the tank was filled and the vehicle driven to another
delivery location).  For the same reason, the product should also be allowed to settle briefly in the tank,
especially if it is susceptible to foaming, like no. 2 fuel oil.  However, keeping in mind the possible effects
of temperature change and evaporation on product already in the prover, this rest period should be kept to
a minimum.  Delivery is resumed, of course, without resetting the meter, and continued until the register
indicates the nominal capacity of the prover.  The error for the draft is then recorded from the prover in the
usual way.

Ideally, of course, results for the split compartment test would be identical to those obtained from a normal
test of the system, indicating that no air or vapor had been permitted to enter the meter when the supply of
product was exhausted.  However, it is recognized that even a system that is properly designed, installed, and
maintained may permit a small amount of air/vapor to pass through the meter under these common, but
extreme operating conditions.  For this reason, the more liberal special tolerance applies to results of the split
compartment test.  This tolerance applies to the error observed for the test, not to the difference between the
errors observed for the split compartment and the normal test(s).  The reason for this is that the test error 
reflects what can be expected of a delivery made under service conditions, and this is the degree of error that
would affect the final transaction between buyer and seller.  However, it is important to remember that
although its objective is to determine the capability of the air eliminator, the split compartment test is still
a test of the entire metering system, of which the air eliminator is one functional component.  For this reason,
applying the tolerance in the prescribed manner could, under certain circumstances, permit a system with a
badly functioning air eliminator to be approved.

For example, let us consider a maintenance test of a system using a 100-gallon prover.  The basic tolerance
will therefore be +/- 75 cu in, and the special tolerance +/- 100 cu in.  Suppose that we record an error of +
70 cu in for the normal test and an error of -95 cu in for the split compartment test.  Technically, the system
is within tolerance for both tests and, assuming that it meets all other requirements, should receive approval.
However, all (or nearly all) of the difference of 165 cu in between results for the two tests may be attributable
to malfunction of the air eliminator.  If the system were adjusted without servicing the air eliminator, it could
be expected to overregister considerably, especially under delivery conditions that approximate the test, but
also, perhaps, under less severe normal operating conditions.

As a general rule, the greater the difference between the results obtained for the normal test and the split
compartment test of a vehicle-tank metering system, the stronger the indication that the air eliminator is not
functioning properly, and is in need of repair.
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As in a situation where test results indicate a meter that is technically in compliance but which test results
show to be badly worn, the policies and procedures of your jurisdiction might dictate rejecting a system
found to be in this condition, on the grounds that it does not meet the maintenance requirement set forth in
the General Code (G-UR.4.1).  However, even if the system must be approved, you should inform the
operator of this condition and make a written note of it, so that you or another inspector can follow up at the
next scheduled examination.

Because any failure of the air eliminator should result in some degree of overregistration, you might expect
any divergence between normal and split compartment test results to be in that direction.  Although this is
generally the case, you should be prepared to encounter the opposite situation, when test results indicate that
the system is actually "giving" slightly more for the split compartment test.  This should not be a cause of
concern (unless the difference is extreme), and will, in fact, be an indication that the air eliminator is
functioning excellently.  The effect will be due to factors related to the test conditions, and especially to the
fact that the meter will be started and stopped twice in the course of the test, rather than once, as in the
normal test.  As you will remember from our earlier discussion, inertial factors account for a certain amount
(usually relatively small) of error at the beginning and end of each delivery -- generally in the direction of
underregistration.  The conditions of the split compartment test will double this effect.

RFI/EMI Test

All weighing and measuring devices that have electronic components are subject to the effects of radio
frequency and electromagnetic interference (RFI/EMI).  These two types of interference have different
sources, but are basically the same in their nature and their effects.

The passage of electric current through a conductor creates a magnetic field around the conductor.  If the
direction, amplitude, or intensity of the current changes, the magnetic field surrounding the conductor
changes in response.  This changing magnetic field is then capable of inducing a current in another conductor
located within the field (see Figure 6-3).  The same effect can be achieved by changing the position of the
conductor relative to a stationary magnetic field (this is the basic principle employed in electric power
generation).

The circuitry of electronic devices consists of conductors that carry electrical signals.  For example, you will
recall from our discussion in Chapter 3 that in electronic registers, discrete signals generated by the
transducer (pulser) driven by the revolving meter shaft are transmitted through wiring to the CPU, where they
are interpreted.  If this wiring, or the circuitry of the transducer or the CPU, were to be brought into contact
with a changing electromagnetic field, extraneous current could be produced.  This extraneous current could
either interfere with the pulses generated by the transducer, rendering them unrecognizable as signals or,
under certain conditions, it could produce additional pulses that might be interpreted as signals.  In either
case, the accuracy of the measuring device would obviously be impaired.
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Under normal operating conditions, vehicle-tank metering systems are exposed to electromagnetic fields
produced from a variety of sources.  Among these are:

! radio-frequency transmitters from nearby broadcast facilities and mobile transmitters, like
CB and commercial band two-way radios and mobile phones (RFI)

! generators, including those driven by vehicle engines to provide a continuous power supply
(EMI)

! electrical discharge ignition (spark plugs) (EMI)

! power supply lines (EMI)

! appliances that have electric motors, like air conditioners and refrigeration systems,
compressors, etc.  (EMI)

The components of electronic indicating and recording elements are designed in such a way as to be
protected from interference from RFI and EMI under normal operating conditions.  However, if these
protections are defective or improperly installed, or if the equipment is located in a place where it is exposed
to extraordinary amounts of RFI or EMI (for example, next to the transmitting facility of a commercial radio
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or TV station), interference may occur.  It is for this reason that electronic vehicle-tank metering systems
should be tested for the effects of RFI/EMI.

The purpose of the testing procedure is not to determine the presence of RFI/EMI, but to determine whether
the device is adequately protected from its effects, as required by Handbook 44.  Several sections in the
General Code include requirements that relate to RFI/EMI; these are listed below.

----------------------------------------------------------------------------------------------------------------------------------
G-N.2.  Testing with Nonassociated Equipment. - Tests to determine conditions, such as
radio frequency interference (RFI), that may adversely affect the performance of a device
shall be conducted with equipment and under conditions that are usual and customary with
respect to the location and use of the device.  (Added 1976)

G-UR.1.2.  Environment. - Equipment shall be suitable for the environment in which it is
used including but not limited to the effects of wind, weather, and RFI.  
(Added 1976)

G-UR.3.2.  Associated and Nonassociated Equipment. - A device shall meet all
performance requirements when associated or nonassociated equipment is operated in its
usual and customary manner and location.  
(Added 1976)

G-UR.4.2.  Abnormal Performance. - Unstable indications or other abnormal equipment
performance observed during operation shall be corrected and, if necessary, brought to the
attention of competent service personnel.
(Added 1976)

----------------------------------------------------------------------------------------------------------------------------------

Note that G-N.2. states that, when testing with nonassociated equipment, only "usual and ordinary"
equipment may be used and that devices may be tested only under conditions that are usual and customary
for their operation and service.

To conduct an RFI or EMI test, turn on the suspected source (when testing a vehicle-tank meter, you might,
for example, turn on the vehicle’s CB radio, if it is equipped with one) and then conduct a Normal Test as
described above.  Recorded results from this test should be compared to those obtained for the earlier Normal
Test.  If discrepancies are found, the susceptibility of the equipment to the RFI or EMI source can then be
identified.

Test of the Preset Mechanism (if so equipped)

Systems used to make partial-load deliveries are often equipped with an automatic-stop mechanism, which
will halt the delivery when a preset quantity of product has been dispensed.  If the metering system you are
examining does have a preset, its operation must be tested.  This is accomplished by setting the preset for
a pre-determined quantity and operating the system until the automatic mechanism trips the shutoff valve.
The register indication (not the indication on the preset) is then compared to the pre-determined quantity.
In accordance with the EPO’s, the register must show that delivery was halted within one-half the minimum
interval indicated on the register (usually 0.1 gal) for analog devices and within one increment for digital
devices.
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Because this is a test of the preset mechanism only, and not the measuring or indicating elements of the
system, it is not necessary to deliver to the capacity of the prover.  You should, however, preset the device
for a delivery of at least 30 gallons and dispense at full flow.  You should also observe the system closely
as the delivery is approaching its conclusion.  The shutoff should be smooth and the register should come
to rest without jumping.  An abrupt, jarring shutoff will indicate that the shutoff valve is not functioning
properly (as described in Chapter 3).  The resulting hydraulic shock transmitted back to the meter can cause
accelerated wear and may cause erratic registration.

Antidrain Valve Test (power-operated systems only)

The final test prescribed in the EPO for power-operated systems is a test of the antidrain valve, which
prevents the discharge hose in a power-operated system from being drained.  As described in Chapter 3, the
valve is calibrated to check flow when pump pressure is no longer present.  The requirement for this test is
included in the Vehicle-Tank Meters Code.

----------------------------------------------------------------------------------------------------------------------------------

N.4.3.  Antidrain Valve Test. - The effectiveness of the antidrain valve shall be tested after
the pump pressure in the measuring system has been released and a valve between the
supply tank and the discharge valve is closed.

----------------------------------------------------------------------------------------------------------------------------------

At the conclusion of the preceding test draft, disengage the pump from the vehicle engine, raise a length of
the discharge hose above the level of the meter, and attempt to deliver product into the plastic bucket.  A
small amount of product remaining in the discharge nozzle may be expected to issue from the nozzle.
However, this flow should diminish and cease altogether after 30 seconds.  If flow continues, or if you notice
any change in the register indication, the antidrain valve is malfunctioning.

Additional Tests

The tests described above are those prescribed in the Examination Procedure Outlines for gravity-discharge
and power-operated vehicle-tank metering systems.  Your jurisdiction may require additional tests as part
of an official field examination.  Your instructor will describe any additional procedures to you.

        
SUMMARY

The purpose of the Test component of an official field examination is to determine whether the system being
examined can perform within acceptable limits of inaccuracy (tolerances) under conditions that approximate,
as nearly as possible, actual service conditions.  The Test is comprised of several distinct procedures, each
with specific objectives:  some procedures are designed to develop the operating characteristics of the
system, others to test the performance of specific elements.  Before testing begins, a number of Pre-test
Determinations must be performed to establish applicable tolerances and other test factors.  Guidelines for
Test procedures are provided in the EPO’s.  Interpretation of results obtained from various Test procedures
can provide device operators, repairpersons, and weights and measures jurisdictions with important
information regarding the current condition of the equipment tested.
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